In this paper, the stability of the Couette flow of a viscous incompressible fluid between two concentric rotating cylinders is studied in the presence of a radial temperature gradient, when the outer cylinder is maintained at a constant heat flux. The analytical solution of the eigen-value problem is obtained by using the trigonometric series method, when the gap between the cylinders is narrow. The numerical values of the critical wave number and critical Taylor number are computed from the obtained analytical expressions for the first, second and third approximations. It is found that the difference between the numerical values of the critical Taylor number corresponding to the second and third approximations are very small as compared to the difference between first and second approximations. The critical Taylor numbers obtained by the third approximation agree very well with the earlier results computed numerically by using the shooting method. This clearly indicates that for the better result one should obtain the numerical values by taking more approximations. Also, the amplitude of the radial velocity and the cell-pattern are shown on the graphs for different values of the ratio of the angular velocities.
Introduction
The stability of flow phenomenon of a viscous incompressible fluid between two concentric rotating cylinders with the inner cylinder rotating or both rotating was first studied by (Taylor, 1923) . He used a parameter called Taylor number Ta and found that the flow becomes unstable, when the Taylor number exceeds its critical value c Ta . To determine c Ta different methods were
given by Taylor (1923) , Chandrasekhar (1953) , DiPrima (1953) , Duty and Reid (1964) and Harris and Reid (1964) . In all these papers, it was basically assumed that the two cylinders are at the same temperature and as a result of which radial temperature gradient does not exist. However, in many chemical, electrical and mechanical engineering applications the temperature of both cylinders cannot remain the same. Thus, due to the change in the temperature of both cylinders, there exist a temperature gradient and the stability of the fluid flow is affected by the temperature gradient. The effects of a radial temperature gradient on the stability of the flow of a viscous fluid was theoretically as well as experimentally studied by , Bjorklund and Kays (1959) , Hass and Nissan (1961) , Yih (1961) , Beeker and Kays (1962) , Ho et al. (1964) , Aoki et al. (1967) , Sharman et al. (1973) , Walowit et al. (1964) , Soundalgekar et al. (1981) , Takhar et al. (1985) , Singh et al. (1994) and others. Further, the effect of radial temperature gradient on the stability of Dean flow was investigated by Ali et al. (1998) under narrow gap approximation and the effect of radial temperature gradient on the circular Couette flow was analysed by Mutabazi et al. (2001) . The Taylor-Dean flow through a curved duct of square cross section, in which walls of the duct except the outer wall rotate around the center of curvature and an azimuthal pressure gradient was imposed, was analyzed by Yamamoto et al. (2004) . After that, Soleimani and Sadeghy (2011) investigated numerically the stability of the Bingham fluids in Taylor-Dean flow between two concentric cylinders at arbitrary gap spacing. The three dimensional linear stability analysis of the Couette flow between two axial cylinders for shear-thinning fluids with and without yield stress was performed by Alibenyahia et al. (2012) .
In all of these studies, it was assumed that the two cylinders are mentioned at the different temperatures. In technological applications, there is another situation in which the outer cylinder is maintained at constant temperature while the inner cylinder can get heated from the heat generated by an external source of energy. Mathematically this situation is studied by imposing a variable or constant heat flux at the inner cylinder while the outer cylinder is maintained at a constant temperature. The stability of flow formation between two concentric rotating cylinders, when there is a constant heat flux at the inner cylinder while the outer one is maintained at a constant temperature was studied by Takhar et al. (1988a) , Prasad et al. (2012) , Takhar et al. (1988b) for the narrow gap case and wide gap case, respectively. Recently, Mahapatra et al. (2013) studied the effect of radial temperature gradient on the stability of Taylor-Dean flow between two arbitrarily spaced concentric cylinders.
Instead of a constant heat flux at the inner cylinder, we can apply the constant heat flux at the outer cylinder and then find its effect on the stability of flow. This was studied by Eagles et al. (1997) for wide gap case and Takhar et al. (1992) for narrow gap case and solved the eigen-value problem by the shooting method. Stability of pure pressure maintained flow in a curved channel is studied by Pandey and Prasad (2012) and same problem is also discussed by Prasad and Pandey (2012) in the presence of axial magnetic field. A linear stability analysis for the Taylor-Dean flow, between concentric horizontal cylinders with a constant azimuthal pressure gradient, keeping the cylinders at different temperatures, when the inner cylinder is rotating and outer one is stationary was studied by Deka and Paul (2013) for the narrow gap case. Here, our aim is to study the narrow-gap Taylor-stability problem in the case when there is a constant heat flux at the outer cylinder while the inner one is maintained at a constant temperature. We have solved this problem by using the trigonometric series method and the results are compared with those obtained by Takhar et al. (1992) by using a numerical method. Also the amplitude of the radial velocity and the cell-pattern are shown on graphs for different values of the ratio of the angular velocities.
Mathematical Analysis
Consider the flow of an incompressible viscous fluid between two concentric rotating cylinders of radii T is the constant temperature of the inner cylinder respectively. Assuming stationary marginal state, the following differential equations have been obtained to govern the stability of the viscous flow in a narrow-gap annular-space (Takhar et al., 1992) :
with boundary conditions
Here, Ra and Ta are respectively, the Rayleigh number and the Taylor number.
As suggested by Chandrasekhar (1953, we take a sine series for v in order to satisfy the boundary conditions given by Eq. (4) as follows:
Substituting Eq. (6) in Eq. (2) and then with the help of Eq. (2) and (3), we obtain the value ofθ . Using these values of θ and v in Eq. (1), we have obtained the general solution for u as follows:
where, 
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On substituting the values of 
Eqs. (15) and (16) are the result obtained by (Chandrashekhar, 1961) .
Result and Discussion
The numerical value of c Ta computed from Eq. (13) corresponding to the first, second and third approximations are listed in In Fig. 1 and 2, the cell patterns are shown for the cases of co-rotating cylinders and counter rotating cylinders respectively. From both figures, we found that the cells shift from outer cylinder toward the inner cylinder as N increases. Physically, this is true because the convection currents are flowing from the outer cylinder toward the inner one, and hence the shifting phenomenon is seen from the outer cylinder toward the inner cylinder, when N increases. This also confirms the destabilization of flow as N increases. From Fig.2 , we also see that as we increase the value of N the left hand edges of the cells becomes closer toward the inner most cell. Also, the left hand edge of the innermost cell is straightened and the corners are formed at the upper and lower ends of the innermost cell, and if N is further raised, the cells will start breaking through these corners, making flow unstable. in the presence of counter rotating cylinders the maximum of ( ) u x shifts toward the inner cylinder, but in the presence of a positive radial temperature gradient, the maximum of ( ) u x shifts more and more toward the outer cylinder as N increases.
Conclusions
The stability of Couette flow of a viscous incompressible fluid between two concentric rotating cylinders is studied in the presence of a radial temperature gradient, when the outer cylinder is maintained at a constant heat flux. The following conclusions have been obtained from the analysis:-1. The flow is more stable when the two cylinders are counter rotating.
2. The fluid flow gets destabilized owing to increasing N for all value of µ . The destabilizing is greater when the angular speed of outer cylinder ( µ is +ve) increases. 3. The flow gets stable, when angular speed of outer cylinder ( µ is -ve) increases when N is constant.
4. When the cylinders are counter rotating, the maximum of ( ) u x shifts toward the inner cylinder as compared to the case, when only inner cylinder is rotating, whereas in the presence of co-rotating cylinders the maximum of ( ) u x shifts toward the outer cylinder, 5. In the presence of a positive radial temperature gradient, the maximum of ( ) u x shifts more and more toward the outer cylinder as N increases. 
